patients at the Presbyterian-University Hospitalunderwent anterior surgery for treatment of hard or soft cervical disc herniation. Of these patients, 295 had radicular symptoms only. This retrospective study details the results of anterior cervical surgery for treatment of lateral disc herniation in 253 patients who survived 1 to 7 years postoperatively. Sixty-seven percent had excellent or good results. Although 77% initially noted complete relief of symptoms after surgery, 38% subsequently developed one or more recurrent symptoms at some time during the follow-up period. The overall results of surgery for soft disc cases were no different from the results for hard discs, although significantly more hard disc cases required postoperative conservative treatment. The results of surgery after anterior fusion were no different than the results after anterior discectomy alone. However, overall postoperative complications were more frequent and hospitalizations were longer in the patients who underwent fusion. Patients with multiple-level surgery had statistically similar results to those with single-level surgery. None of the nine preoperative clinical features reported by others to influence the results of anterior cervical surgery were found to consistently affect outcome in the present series.
S
INCE its introduction in the treatment of cervical disc disease by Bailey and Badgley in 1952, s the anterior surgical approach has gained increasing popularity as a means of relieving cervical nerve root and spinal cord compression. The pioneering efforts of Cloward) -8 Dereymaeker and Mulier, TM Robinson, et aL, sl, 8~, 3s and Verbiest, 4~ among others, must be recognized. In properly selected patients, 63% to 100% of patients have improved after anterior cervical surgery? ,e.H,2~ Although the therapeutic efficacy of anterior surgery in general seems to be accepted, no consensus exists about which technique is best. Until recently, most reports recommended anterior fusion. 5-8,~~ Lately, several authors have reported equally good results with anterior discectomy alone. ~3,~9, 23,25,28,s~ Microsurgical technique may further enhance results? ~ Advocates of anterior fusion state that fusion is necessary to properly decompress the spinal cord or nerve roots, to provide cervical stability, and perhaps to promote resorption of lateral osteophytes) e Advocates of anterior discectomy doubt the need for fusion since cervical vertebrae usually fuse after discectomy and, in any event, the absence of cervical fusion does not preclude a good operative result.~a.~5
Throughout the evolution of treatment of cervical disc disease, clinicians have been stymied by the diffuse, variable, and occasionally conflicting terminology employed in any discussion of the disease. 1 We have adopted the terminology used by Odom, et al.? 8 and Scoville. s4 We believe this terminology is preferable because it relates readily definable clinical syndromes to anatomical etiologies.
To determine the value of anterior cervical disc surgery, five questions must be considered: 1) Are the results of surgery related to the type of disc extrusion, that is, acute soft disc or chronic hard herniation? 2) Are the results of surgery different when discectomy and fusion or discectomy alone is performed? 3) Among patients with spinal fusion, are results different between cases treated with interbody dowel grafts (Cloward technique), or wedge grafts (SmithRobinson technique)? 4) Are results related to the number of cervical levels operated on? and 5) What clinical factors influence the results of surgery? The present study addresses these questions, based upon a review of 253 cases of laterally herniated cervical discs. Although retrospective in nature, this series is larger than many previously reported studies of anterior cervical surgery. We believe the follow-up evaluation presented in this report provides complete, detailed, and unbiased information about the ultimate outcome of patients undergoing anterior cervical disc surgery.
Clinical Material and Methods

Patient Population
Between July, 1971, and June, 1977, 334 patients underwent anterior cervical disc surgery at the Presbyterian-University Hospital. This procedure represents approximately 8% of all neurosurgical operations, and 26% of all spinal surgery performed at this hospital. All patients undergoing surgery had already failed careful conservative treatment, including immobilization, traction, and physical therapy when appropriate. Lateral disc herniation is treated by anterior surgery at this institution when conservative treatment fails to significantly ameliorate the patient's radicular symptoms within 6 weeks after initiation of therapy. During the period studied, 10 neurological surgeons performed anterior cervical surgery at this hospital, and 82% of surgery on these cases was performed by four neurosurgeons. All surgeons had a similar operative goal: removal of appropriate herniated disc fragments (soft discs) or bone osteophytes (hard discs) for nerve root decompression. The decision to perform cervical fusion varied among surgeons; eight surgeons tended to perform cervical fusion in all patients, whereas two surgeons rarely performed cervical fusion. In decreasing order of frequency, cervical disc herniation was noted at C5-6 in 48% of cases, at C6-7 in 37%, at C4-5 in 10%, at C3-4 in 3%, and at C7-TI in 2%.
In total, 295 patients were operated on for lateral soft (101 cases) or hard discs (194 cases). The sex and age distribution, and duration of symptoms are shown in Table 1 . Males were more frequently affected. Patients with soft disc herniation tended to be significantly younger (p < 0.001) than patients with hard disc herniation. In general, patients with soft disc herniation tended to have a shorter duration of symptoms than did patients with hard disc herniation (p < 0.001). The mean duration of symptoms was 14.6 months for patients with soft disc herniation and 32.7 months for those with hard disc herniation. 
Data Collection
Patient data included the hospital chart, operative note, radiographic reports, and follow-up evaluations. In order to maximize the follow-up period, each patient completed a detailed written or telephone questionnaire between June and September, 1978. Of the patients included in this study, 97% responded to the questionnaire; the remaining 3% of patients had a recent evaluation and examination by the operative surgeon. No patient was included in the series if total follow-up period was less than 1 year, leaving 253 patients available for review ( Table 1) . The majority of patients were re-evaluated more than 3 years postoperatively.
All data were processed by computer at the University of Pittsburgh. Statistical analysis was performed where it seemed appropriate and where groups were sufficiently large to permit statistical comparison. A log-linear model using a BMDP3F computer program was employed? 't4 Usually, two-way contingency tables were constructed, and chi-square and probability values were computed.
Historical Data
Pertinent historical features are shown in Table 2 . Prior cervical trauma was considered significant if the patient ascribed the onset of symptoms to such trauma. Flexion-extension injuries, minor nonspecific neck injuries, a history of prior automobile accidents, and work-related injuries were recorded. Several patients in each group had undergone anterior or posterior operations before the anterior cervical procedure performed at this hospital. Of the patients with lateral hard discs, 6% were referred for anterior ~'Percentage of cases requiring admission or surgery for suspected lumbar disc disease before or after cervical disc surgery.
surgery because of failure to improve after posterior cervical procedures. A significant number of patients developed symptoms referable to lumbar disc disease before and/or after anterior cervical surgery.
Neurological Evaluation
Radicular symptoms in 295 cases of lateral disc herniation are shown in Fig. 1 . The vasl majority of patients presented with both cervical and radicular arm pain. Shoulder pain was seen in approximately one-third of the patients. Occipital headache was noted in 17% of hard disc and 9% of soft disc cases. Anterior chest pain resembling angina pectoris was rare, occurring in only three patients. Atypical facial neuralgias were noted in two patients who otherwise had typical radicular symptoms. Slightly more than one-half of the patients complained of arm numbness. One-third of the patients reported arm and hand weakness. Unilateral radicular complaints were more frequent than bilateral complaints. Figure 2 shows the radicular signs noted in cases of lateral disc herniation. Cervical tenderness on palpation was common, but cervical muscle spasm was infrequently found. Reproduction of radicular pain by lateral cervical rotation and hyperextension (Spurling's sign) was noted more often in patients with lateral soft disc herniation than in those with lateral hard disc herniation. Single dermatomal hypalgesia or hypesthesia was noted in 48% of lateral soft disc and 39% of lateral hard disc cases. Multiple dermatome sensory loss was uncommon. Single myotomal motor weakness was found in 61% of cases of lateral soft disc and 43% of lateral hard disc cases. Muscle atrophy was noted infrequently. Sixty-four percent of the patients with soft disc herniation had hyporeflexia appropriate for the involved cervical nerve root, compared with 50% of hard disc cases. 
Radiographic and Laboratory Evaluation
The results of preoperative cervical spine films are shown in Table 3 . Cervical spine x-rays films were normal in 23% of lateral soft disc cases, but were rarely normal in hard disc cases. Spondylotic vertebral body changes were noted in 85% of hard disc cases. Foraminal spurs or osteophytes were seen frequently in hard disc cases, and in almost one-half of soft disc cases. Narrow cervical interspaces were noted in approximately one-third of all cases. The results of cervical Pantopaque myelography were reviewed in all but five cases (Table 3) . Three patients with lateral soft disc extrusions were judged to have normal myelograms. Root sleeve abnormalities and ventral spondylotic or disc defects were noted in the vast majority of cases. The cerebrospinal fluid protein value obtained at the time of myelography was less than 50 mg% in 75% of patients.
Electromyography (EMG) and nerve conduction velocities (NCV) were performed in 18% of cases. Both studies were normal in almost one-third of the patients tested. Specific radiculopathies were detected in 38% of lateral soft disc cases and 29% of lateral hard disc cases. Several patients had nonspecific radiculopathies revealed by EMG evaluation. Occasionally, NCV studies demonstrated a carpal tunnel syndrome or ulnar neuropathy.
Operative Complications in 295 Cases
No operative mortality occurred. Table 4 demonstrates the operative morbidity for both soft and hard disc cases. Neurological complications were rare, and permanent neurological injury was not noted after either discectomy or discectomy and fusion procedures. No patient sustained spinal cord injury. Several patients developed transient exacerbation of neurological symptoms, usually increased radicular or cervical pain or increased arm weakness or sensory loss. Such temporary deficits occurred in the ipsilateral arm in all but two cases; these two patients developed transitory contralateral radicular arm pain which resolved gradually within several days.
The most troublesome technical complication was vocal cord paresis, presumably due to trauma to the recurrent laryngeal nerve. This occurred in seven (9%) of the fused hard disc cases, and was permanent in two patients. Five patients developed significant postoperative wound hematomas, and two patients required operative drainage. Wound infections developed in three cases. Six patients had extrusion of their bone grafts, and three required reoperation for replacement of the graft. Three patients with iliac crest grafts experienced persistent pain in the donor site, and two others developed donor site infections. Although many patients complained of transient dysphagia after surgery, 12 patients complained of persistent dysphagia. Dysphagia appeared to be related to incomplete extrusion of the bone plug in 10 patients with fusion. Table 5 shows the total number of operative complications. Of the cases with discectomy and fusion, 23% had one or more neurological or technical complications, including those related to donor sites. Thirteen percent of discectomy patients had one or more comI~lications, an incidence significantly less than that noted for fusion cases (p = 0.026).
Complications after bone graft procedures are shown in Table 6 . No significant difference in the overall incidence of complications was noted between patients fused with cadaveric or freeze-dried bone, and those fused with iliac crest grafts. All six patients who experienced graft extrusion had bone-bank grafts, whereas no patient developed a graft extrusion after an iliac crest graft procedure. Graft infections and reoperation for infection, hematoma, or graft extrusion were rare after both iliac and bone-bank grafts. Table 7 compares the duration of postoperative hospitalization in soft and hard disc cases, as well as fused and nonfused cases. The vast majority of patients were discharged within 1 week after surgery. The mean postoperative hospitalization was 5.g days for soft disc cases and 7.1 days for hard disc cases. No significant difference in the length of hospital stay was noted between soft and hard disc cases. However, patients with only discectomy experienced a significantly shorter postoperative hospitalization than did patients with discectomy and fusion (p = 0.0004).
Postoperative Hospitalization Period
Results
Results are ranked in accordance with the criteria of Odom, et al. 2~ "Excellent" or "good" results refer to complete or partial relief of symptoms with full activity, a "fair" result implies improvement after surgery with some persistent limitation of activity, and a "poor" result denotes either no improvement or deterioration after surgery.
Overall results for each surgeon are cited in Table 8 . Seventy-two percent of the procedures were performed by three surgeons. Four surgeons performed less than 7% of the total number of operations. Overall results did not vary significantly among the 10 sur- 
Questionnaire Results
The postoperative questionnaire was designed to obtain a more complete picture of the clinical results and subsequent treatment requirements. Patients were asked to subjectively report in a yes-no fashion whether they had relief of pain, or of their sensory or motor symptoms, where appropriate. In addition, patients were asked whether any symptoms recurred after surgery. Patients were requested to report their employment status, need for postoperative conservative treatment (including physical therapy, rehabilitation, and/or occupational therapy), and whether or not additional medical advice or consultation was sought after surgery. Such consultation did not include regular postoperative evaluations by the operating surgeon. hard than soft disc patients required some form of conservative treatment for recurrent cervical symptoms during the follow-up period. Additional medical advice was sought by about one-third of all patients. Table 12 demonstrates the need for postoperative myelography and additional surgical procedures among the 253 patients. Overall, 13% of cases underwent reassessment by myelography. Only scattered results of repeat myelography were available, and therefore these results are not reviewed. Four percent of cases required reoperation at the same cervical level, while 6.7% required reoperation at a different level. No significant difference in the need for repeat myelography or further anterior cervical surgery was noted when patients undergoing discectomy and fusion were compared to those having discectomy only.
Additional Studies
In order to better predict future surgical results, we investigated the effects of nine preoperative features on outcome. Table 13 compares the results of surgery when five features were present or absent in the patient's preoperative history. Patients who complained of severe occipital headache, a prior whiplash injury, or work-related injury had results not significantly different from those who did not have such complaints. Patients who had prior anterior or posterior cervical surgery had no different results statistically than patients without such prior surgery.
Outcome was compared when four radicular features were or were not present preoperatively. Results are shown in Table 14 . No difference was noted between patients with radicular arm pain and those without such pain. Similarly, patients with myotomal arm or hand weakness, or dermatomal sensory deficits, had no better results than those without such complaints. Patients with hyporeflexia appropriate to the involved cervical root had no better outcome than patients without such a reflex change.
Discussion
Mounting evidence suggests that the primary goal in anterior cervical surgery is the removal of the offending lateral disc fragment or osteophyte. 13,28aS,s~ To achieve this goal, several operative techniques have been advocated. Surgeons consider many factors in order to choose the appropriate procedure for each patient. Such factors include the patient's preoperative clinical syndrome, the type of disc herniation, the length of expected postoperative hospitalization, the operative morbidity, and the overall results of surgery. Assuming that ultimate results are equivalent, most surgeons will choose the procedure that is technically simpler and has less operative morbidity. This report attempts to analyze these factors in a large series of patients with lateral disc herniation. All patients were surgically approached with the same goal, but different techniques were used. We report not only the operative results, but also the extended analysis provided by the questionnaire. These additional data suggested that solely reporting operative outcome obscured much information about the actual scope of the patients' improvement. Relatively few studies have provided such extensive follow-up review. ~ Operative morbidity was greatest in hard disc cases, especially in patients who underwent discectomy and fusion. Adequate lateral osteophyte removal is technically more difficult than removal of an extruded disc fragment. Consequently, morbidity is greater. The 23% incidence of complications after discectomy and fusion in this series is similar to the 18% complication rate reported by Robinson, et al., 8~ but lower than the 51% complication rate reported by Connolly, et al? In our series, the complication rate after discectomy alone was significantly less than after discectomy and fusion. In fused cases, complications were more frequent when iliac crest grafts were used, reflecting difficulties associated with donor sites; patients fused with bone-bank grafts had fewer complications. However, this difference was not significant. Although six of 105 cases with bone-bank fusion had partial or complete extrusion of the graft, a complication that failed to occur in 30 cases with iliac crest grafts, this difference was not statistically significant. We agree that bone-bank fusion is an adequate and perhaps less morbid technique for cervical fusion?.~,~8.ss Soft and hard disc patients required similar postoperative hospital stays, with the vast majority being discharged within 1 week after surgery. Hospitalization was significantly shorter in discectomy cases when compared to patients with discectomy and fusion. McPherson 24 also has reported shorter hospitalization after discectomy alone.
Several investigators have reported that patients with soft disc herniation have the "best" results after anterior cervical surgery. 2, 9 Connolly, et al., 9 stated that in 63 cases, 70% of the soft disc cases with radiculopathy improved after surgery, compared with 33% of the hard disc cases. Our series demonstrates no significant difference in overall results between the 85 soft disc cases (87% improvement) and the 168 hard disc cases (83% improvement). When other factors were selected to evaluate differences between soft and hard disc patients, we found that pain and sensory complaints were improved subjectively in the same proportion of patients, but weakness was relieved more frequently in soft disc cases.
Most studies have failed to investigate thoroughly the problem of late symptomatic recurrence. De Palma, et al., ~ and Green 15 noted minimal deterioration in results over time. Others have reported a significant deterioration in cases followed for more than 2 years? ~ Although 77% of the patients in our series initially noted complete symptomatic relief after surgery, 38% reported recurrence of one or more symptoms at some time in the follow-up period. Such symptoms commonly included recurrent neck or shoulder pain and, less frequently, other radiclular complaints. These complaints were usually intermittent, not constant. Symptoms recurred equally in both soft and hard disc groups. During the follow-up period, more than one-third of the patients sought additional medical advice for such complaints. Postoperatively, physical therapy and/or cervical traction were used in 35% of the soft disc cases and in 60% of the hard disc cases. Thus, while surgery was beneficial in the vast majority of cases, many patients required further conservative treatment for residual or recurrent symptoms after surgery.
Since The results of the postoperative radiographic studies were incomplete, and in many cases the appropriate x-ray films were unavailable. In our experience, the vast majority of patients have cervical stability at follow-up review, regardless of the procedure employed or the number of levels explored. Most patients with anterior discectomy had reduction in the height of the interspace postoperatively, as noted by others. TM Except in cases of frank bone-graft extrusion, we found little correlation between the postoperative x-ray appearance and clinical outcome. We concur with other authors that neither the adequacy of fusion nor the radiographic appearance of persistent foraminal osteophytes can be related to clinical results? ,t~,~5,2~ Our experience fails to confirm that cervical mobility is of primary importance in the production of symptoms and disability, ~7 or that radiographic bone union is associated with "better" results. ' 3 we noted no significantly inferior results in patients who presented with marked occipital headache. Patients with a history of whiplash injuries after automobile accidents also had satisfactory operative results. Patients with prior work-related injuries had no different operative results from patients without work-related injuries. Others have noted that prior trauma had little effect on results. '~ Nineteen patients in our series presented with recurrent cervical disc symptoms after previous anterior or posterior surgery performed elsewhere. While such patients tended to fare less well after additional surgery than did those patients without a prior cervical operation, we could demonstrate no statistically significant difference in outcome in this small sample.
Patients with typical radicular features preoperatively usually have better surgical outcomes than those without such features. 9,42,'3 To investigate this further, the results of surgery were compared among patients with typical radicular features and those without such features. The presence or absence of radicular arm pain, myotomal arm or hand weakness, dermatomal sensory loss, or hyporeflexia appropriate to the involved cervical root had no effect on ultimate surgical outcome.
Summary
Anterior cervical surgery is a safe and effective treatment for laterally herniated cervical discs. In this series, surgery resulted in the initial relief of symptoms in 77% of cases, with an overall operative improvement in 84% of cases. A more detailed analysis revealed that, with time, 38% of the cases ultimately reported recurrence of one or more symptoms of cervical disc disease. Such deterioration rarely required further surgical intervention. However, conservative treatment was necessary in 35% of the soft disc cases and 60% of the hard disc cases within 1 to 6 years after surgery. Our results demonstrated no difference in outcome between soft-and hard disc cases. Singlelevel and multilevel operations had comparable results. Anterior discectomy and fusion proved to have no greater benefit than anterior discectomy alone. When fusion was performed, both the Cloward and the Smith-Robinson approaches had equally good results, irrespective of the graft material used. Because anterior discectomy is technically less difficult, has less operative morbidity, and may result in a shorter hospitalization, this approach may be preferable to L. D. Lunsford, et al. discectomy and fusion. In any case, the goal of anterior surgery is removal of the responsible disc fragment or osteophyte.
